A b s t r a c t Objective: To compare the functional capabilities being offered by commercial ambulatory electronic prescribing systems with a set of expert panel recommendations.
However, the ability of electronic prescribing systems to achieve these goals will depend largely on their functional capabilities and on how those capabilities are integrated into clinical practice. 3 Several studies have demonstrated significant benefits from electronic prescribing, [4] [5] [6] [7] but emerging evidence also shows that electronic prescribing systems can have unintended effects. 7, 8 Although the evidence for electronic prescribing has come largely from ''home-grown,'' customized systems installed at academic medical centers, 9 one series of studies showed that a commercial electronic health record (EHR) system, which included electronic prescribing, contained more complete medication lists than did comparable paper records, 10 and it also delivered highly effective immunization reminders. 11 In addition, one commercially available system was included in a case series that compared the capabilities of five inpatient computerized physician order entry systems. 12 Overall, however, little is known about the capabilities and the potential value that may be available from the growing number of ambulatory electronic prescribing systems that are now available commercially. Since policies are now being shaped to promote the widespread adoption of ambulatory electronic prescribing in the United States, 1, 13 it is important to expand the knowledge base about commercial electronic prescribing systems.
In light of the limited evidence available for evaluating electronic prescribing systems, 3, 14 we previously conducted a modified Delphi expert panel process to develop recommendations for the capabilities that electronic prescribing systems should have if they are to improve patients' health outcomes and reduce their costs. 15 This process resulted in a set of 60 specific functional recommendations for electronic prescribing systems. The panel expected 52 of the recommended features to have significant positive effects on patient safety and health outcomes, and 18 of the recommended features to have significant positive effects on patients' ability to manage their costs. (Ten of the recommendations were expected to have positive effects on both dimensions of care.)
In this article, we report the results of a field study aimed at determining the extent to which these 60 recommendations have been implemented among a purposive sample of commercially available outpatient electronic prescribing systems. Our research questions were as follows: (1) How much do commercial electronic prescribing systems differ from one another in their implementation of capabilities that would be important for advancing patients' interests? (2) Which potentially important electronic prescribing capabilities have not been implemented among commercial systems? We hypothesized that the range of capabilities among systems might be relatively narrow if the commercial marketplace was inherently selecting for systems designed to promote patient safety and cost management, and, conversely, that the range would be relatively larger if systems could gain significant adoption without many of these features. We expected that the potentially important capabilities that have not been implemented among commercial systems would help to identify technical and organizational challenges in need of further informatics research and systems redesign.
Methods

Selection of Electronic Prescribing Systems
Using a published directory, 16 press releases, and other sources, we compiled a list of 129 candidate vendors of electronic prescribing systems. Two or more reviewers examined each company's Web site for evidence of original electronic prescribing products. When necessary, we telephoned companies to confirm or clarify our interpretation of their Web site. This screening process identified a total of 58 distinct, commercially available electronic prescribing products, supplied by 51 vendor companies (Fig. 1 ).
For each electronic prescribing product, we conducted a telephone interview with vendor representatives to determine the product's basic features, technical architecture, and intended practice environments; the number of sites where the product was installed; and the total number of current users. Based on these data, we classified each product according to the characteristics shown in Table 1 . Of the 58 electronic prescribing products identified, 29 products ( from 26 vendors) satisfied the study's inclusion criteria of being used in outpatient settings, at a minimum of 50 sites, or by a total of 1,000 users.
From the 29 eligible products, we selected a sample of ten for site visits, using purposive sampling 17 to ensure that examples of each major product category were included. The features used for categorization were EHR systems versus freestanding, non-EHR systems; Web-based application service providers versus client-server systems; and applications available on a handheld platform versus those available only on a desktop platform (Table 1) . In each of the eight possible subcategories defined by these features (for example, EHR systems with a client-server architecture plus a handheld user interface), we selected the system or systems that appeared to have achieved the broadest adoption.
Assessment of Electronic Prescribing Systems
We reinterviewed the vendors of the ten selected systems regarding their implementation of each expert panel recommendation. 15 Vendors were also asked to identify an outpatient office where their system was in active use. Each of these sites was contacted and a site visit was scheduled to include interviews with a professional who was using the system to prescribe and with a technical staff person who was responsible for maintaining the system. We expected vendors to identify their best sites, making the results reflect the best possible rather than the average for each electronic prescribing system. Each site visit was conducted by at least two of the four investigators with relevant professional experience (CJW, RSM, RCM, and DSB), following a structured interview guide.
Interviews began with open-ended questions about the office's goals for electronic prescribing and their satisfaction with the system to date. Technical staff people were asked about the system's architecture and support, including privacy and security features. Prescribers were asked to demonstrate the system's major features, including the creation of prescriptions for two standard clinical scenarios. Interviewers then asked additional questions and made additional observations as necessary to determine each system's implementation of the expert panel recommendations. Interviewers independently recorded their observations and additional notes on the preprinted interview guides. Five of the site visits occurred before the complete set of recommendations was finalized. For these systems, we conducted additional telephone interviews with the original subjects to assess their implementation of the 11 additional recommendations that were generated in the final round of the expert panel process. For these five systems, we did not conduct additional vendor interviews; thus, all data on vendor claims were collected before the site visit took place for each system. Site visits were completed between July 2002 and July 2003. We paid physicians $100 and technical staff $75 for participating. The Institutional Review Boards at RAND and UCLA approved the study.
Analysis
For each of the 60 expert panel recommendations, we developed written conformance criteria. These criteria specified the observations necessary to categorize an electronic prescribing system as having implemented the recommendation fully, partially, or not at all. In addition, some recommendations could be categorized as inapplicable for certain systems, for example, the recommendation that systems prioritize safety alerts (no. 31 in the Appendix) was not applicable for systems that lack any safety alerts. The four investigators with relevant professional experience (CJW, RSM, RCM, and DSB) met after each site visit to compare observations recorded in the interviews with the conformance criteria and to reach a consensus decision regarding the system's implementation of each recommendation. We used a two-tailed Wilcoxon rank-sum test to compare implementation levels of different system types. For the five vendor interviews that addressed all 60 of the recommendations, the investigators counted the discrepancies between the vendors' claims for each system and the features that were observed in the related site visit. Finally, the four interviewers reviewed the collected notes taken for all open-ended questions to identify the sites' perceptions about the process of implementing electronic prescribing and their achievement of the goals that they set out for electronic prescribing. five of the 29 eligible products were withdrawn from the market because the vendor either ceased operation or ceased to offer the product. One of these products was among the ten in the final site visit sample. Complete data had been collected for this product, and these data were included in the subsequent analyses.
Results
Characteristics of Electronic Prescribing Products
Implementation of Electronic Prescribing Recommendations
The Appendix shows the extent to which each of the 60 electronic prescribing recommendations was implemented among the ten selected systems. Twenty-two recommendations were inapplicable to at least one system. For example, the nine recommendations regarding specific features for alerts and messages (recommendations 29-37) were not applicable to the two systems that did not produce any alerts or messages to prescribers. Overall, 49.8% of the recommendations were fully implemented when they were applicable. Another 12.6% of the recommendations were partially implemented, when applicable.
Nine recommendations were not implemented by any of the systems, even partially. These included recommendations that would require electronic prescribing systems to handle prescription fulfillment data (recommendations 10, 47, and 48), to use more complex drug benefit data (recommendation 22), and to use more advanced drug knowledge bases (recommendations 26 and 49). Eleven recommendations were fully implemented by all the systems for which they were applicable. These tended to be less complex recommendations, such as allowing medications to be prescribed without forcing the entry of a diagnosis (recommendation 14). The remaining 40 recommendations were implemented by a portion of the systems. For example, five of the ten systems provided a current medication list (recommendation 7), and five of the ten systems provided medication suggestions based on the patient's diagnosis (recommendation 13). Although eight of the ten systems provided basic safety alerts based on patient allergies or current medications, only one system fully supported the alerting recommendation (recommendation 27) by also providing interaction alerts based on medical conditions and laboratory findings.
The expert panel that developed the recommendations used in this study also produced quantitative ratings for each recommendation's expected effects. 15 We found no relationship between these ratings and the implementation of the recommendations-the recommendations expected to have greater benefits for patient safety and health outcomes were not implemented more frequently than those expected to have lesser effects. Figure 2 shows the extent to which each of the ten systems implemented the subset of 52 recommendations that were rated by the expert panel as clearly beneficial for improving patient safety and health outcomes. System A in Figure 2 had implemented the most recommendations, having full support for 67% and partial support for another 12% of the applicable capabilities. System J had implemented the fewest recommendations, having full support for 29% and partial support for an additional 3% of the recommendations. Considering all 60 of the recommended capabilities, system A had implemented 64% fully and another 13% partially, and system I had implemented 26% fully and another 16% partially and system J had implemented 28% fully and another 5% partially.
Variability in Capabilities Implemented by Individual Systems
Implementation of Recommended Capabilities by Electronic Health Record Versus Stand-alone Systems
Prescribing systems that were part of EHR systems implemented more recommendations than did stand-alone non-EHR systems (Table 2) . Considering all 60 recommendations, the median EHR-based system fully implemented 60%, whereas the median non-EHR system fully implemented 35% (p = 0.09). Including partial and full support together, median implementation levels were 72% for EHR systems and 46% for non-EHR systems (p = 0.06). Considering just the subset of 52 recommendations expected to improve patient safety and health outcomes, median implementation levels were also higher for EHR systems, both for full (EHR median = 63%; non-EHR median = 37%; p = 0.06) and for full 1 partial implementation (EHR median = 74%; non-EHR median = 46%; p = 0.04). No significant differences were found when comparing Application Service Provider with client-server systems and systems available on handheld platforms with those not available on handhelds. Systems that integrate laboratory data were, with one exception, collinear with the EHR systems. Table 2 also shows that the 18 recommendations rated by the panel as clearly beneficial for patients' costs were implemented somewhat less often than the ''patient safety and health outcomes'' recommendations. Another subset of 15 recommendations that would improve health specifically by reducing the ''underuse'' of beneficial medications were also implemented less often than other recommendations. In the Appendix, the recommendations belonging to these subsets are indicated with y and z symbols.
During the expert panel process, ten functional categories were used to organize the 60 electronic prescribing recommendations (as shown in the Appendix). Table 2 shows the F i g u r e 2. Full and partial implementation of patient safety and health outcomes recommendations by individual products. The ten systems that were assessed in site visits are each represented by a bar, lettered A to J. The height of each bar represents the proportion of applicable recommendations that each system implemented, among the subset of 52 recommendations for improving patient safety and health outcomes.
median levels of ''full'' and ''full plus partial'' implementation of the recommendations within each of these categories. The highest levels of support were in security and confidentiality, and the lowest levels of support were in access to patient historical data, prescriber-level feedback, and medication selection. Higher levels of implementation were observed among EHR systems across all categories.
Accuracy of Vendor Claims
Vendor interviews had addressed all 60 of the recommendations for five electronic prescribing systems. On average, these vendors claimed to support 63% of the recommendations, either fully or partially. Of these positive claims, 21% were contradicted in the site visits. In some cases, these discrepancies were the result of a decision at the site not to implement a feature. For example, two sites chose not to install formulary features even though the products offered this feature. However, most false-positive discrepancies were not due to the sites' choice. For the 37% of recommendations that vendors did not claim to support, site visits revealed that the systems actually had implemented the recommendation in 7% of cases. Some of these discrepancies were due to the local site's having added new functions to the vendor system. For example, one site altered the vendor's system to make it display the average wholesale prices of medications (recommendation 21). Another site engineered diagnosis-based medication lists (recommendation 13) into a commercial system that did not offer the feature. Treating the site visit findings as a gold standard, the vendor interviews had a sensitivity of 96% and a specificity of 72% for assessing a recommendation's implementation.
Qualitative Findings
All the practices that we visited had completed installation of a functioning system. Implementation had typically taken three to four months; large organizations and those needing to integrate with an existing legacy computer system tended to take longer. For most of the sites, the decision to purchase their particular system was based on information gathered at conferences and seminars with subsequent sales follow-up. A few clinics had served as beta-testing sites for the vendor. One site had hired a consulting firm to evaluate systems and to implement the chosen system.
All the sites viewed electronic prescribing as replacing ''pencil and paper'' prescribing, but beyond that, their concepts about the role of electronic prescribing varied. Some practices saw electronic prescribing mainly as a system for improving interactions with pharmacies. For these sites, the goal of electronic prescribing was to save labor by reducing pharmacy callbacks for illegible prescriptions and renewal requests. A few practices saw electronic prescribing as part of a broader attempt to automate multiple aspects of practice, including clinical documentation. The goals of electronic prescribing for these sites were to improve the safety and appropriateness of prescriptions based on comprehensive information about the patient, including laboratory data, medical history, and drug allergies. Better efficiency was generally seen as a byproduct of these improvements.
In most cases, prescribers and technical staff believed that they did save labor by improving interactions with pharmacies, but few sites had explicitly documented any savings. All users of electronic prescribing believed that the system had increased patient safety and quality of care, even though most had not implemented it for that purpose. One site reported receiving a discount on their malpractice insurance premiums because of their electronic prescribing system.
Discussion and Conclusions
Advancing the adoption of interoperable health information technology (HIT) is a major federal policy objective, expected to increase the quality of health care while also reducing its costs. 18, 19 To this end, the National Coordinator for Health Information Technology has created a detailed strategy for federal actions to advance the adoption of HIT. 1 The strategy involves bringing stakeholders together to develop HIT standards, fostering private certification organizations to This study shows that available electronic prescribing systems fail to offer many functional capabilities that could have significant benefits for improving patients' health and reducing their costs. More importantly, these deficiencies varied a great deal among the systems studied. Given that 51 of the 60 recommendations were implemented by at least one of the sites that we visited, it seems that technical feasibility was probably not the major factor in the variable implementation that we found for most of the recommendations. We also found no relationship between the importance of a recommendation, as judged by our panel, and its likelihood of being implemented among the systems studied. Thus, we conclude that the commercial market for electronic prescribing products may not be selecting for the features that would be most important for helping patients.
Several factors may underlie the large variation we observed among systems. On the one hand, vendors and providers may be uncertain about the features that would most improve care. In this case, the variation among systems should tend to narrow over time as more experience and research accumulate to guide the electronic prescribing market. On the other hand, our qualitative results would indicate that different vendors may be responding to different goals for electronic prescribing among providers, with some being narrowly focused on office efficiency and others being more oriented toward improving the quality of care. A recent study found similar variance among providers in their attitudes toward the adoption of EHRs, with some being willing to bear substantially greater costs to implement more advanced systems. 21, 22 Over time, it is possible that providers who are currently focused on office efficiency will move toward greater interest in quality. However, increasing financial pressures on physicians may work against this evolution.
23,24
Furthermore, while the costs of implementing electronic prescribing are borne largely by providers, the economic benefits from improved patient safety and formulary adherence accrue largely to insurers and patients. 2 Pending federal actions will address some of the misaligned incentives associated with electronic prescribing. The Medicare Modernization Act (MMA) provides for limited federal funding of electronic prescribing and provides a safe harbor to enable funding of electronic prescribing by third party organizations. 25 Third party funding will likely enhance physician adoption by internalizing some of the benefits that third parties would reap, but it could also shift competition among electronic prescribing systems further away from patients' interests. Our panel's recommendations included several related to transparency and accountability, which are intended to prevent third parties from introducing prescribing biases that would not benefit patients. Although we found only a few instances in which systems did not comply with these recommendations, vendors have the capability to substantially influence prescribing decisions, and third party support for electronic prescribing is currently just beginning.
The MMA also requires the development of standards for electronic prescribing systems that will go into effect under the new Medicare program. 25 The National Committee on Vital and Health Statistics has now released initial recommendations for these standards, focusing primarily on issues related to data interchange. 26 Such technically oriented standards may enable systems to achieve more of the features that our expert panel recommended, but they would not directly affect the incentives that providers and vendors have to implement the electronic prescribing features that would most benefit patients. Overall, our findings indicate that federal standards for electronic prescribing could best advance patient safety, health outcomes, and health care efficiency by including a minimal set of functional capabilities along with the more technical standards for system interoperability.
The study also found substantial discrepancies between the capabilities that vendors claimed for their products and the capabilities that were actually identified in site visits. Some of these discrepancies were attributable to decisions made at the practice site not to implement features that were actually available from the vendor. These findings highlight the fact that vendors may not be fully aware of the details about how their systems are implemented. Thus, the certification processes envisioned in the federal strategic plan should not be based solely on vendor reports about their products or on demonstrations by vendors outside of an actual practice setting. Furthermore, certification may need to take place for individual provider organizations in addition to taking place at the vendor level.
Our finding that EHR-based systems implemented more recommended capabilities might be attributable to the more comprehensive patient information available in EHR systems as a by-product of the other functions that they offer. However, one non-EHR system implemented almost as many recommendations as any of the EHR systems, demonstrating that substantial improvements in care might be achievable without the more comprehensive process changes that an EHR system would necessitate.
Modeling studies have suggested that ambulatory electronic prescribing could yield substantial savings for provider organizations. 27 In our study, most sites were satisfied that electronic prescribing had improved their efficiency, but we found little explicit substantiation of this perception. Some sites reported savings in labor from reduced telephone interactions with pharmacies, and one reported savings on malpractice premiums. However, none of the sites had formally assessed their return on investment. Finally, several of the recommendations that were not implemented by any system point to important areas for further informatics research and development. Three of these recommendations would require electronic prescribing systems to accept and process prescription fulfillment data to help providers identify and solve patient adherence problems. Further progress toward achieving these capabilities may require the development of standard protocols for communicating pharmacy claims data back to the prescribing system that originated the prescription. Further research may also be needed on methods for analyzing and presenting fulfillment data in ways that enable productive conversations about adherence between patients and providers. Another recommendation that was not implemented at all would require electronic prescribing systems to obtain data on the amount that a patient has currently spent under a fixed drug benefit cap. This recommendation will grow in importance when the new Medicare prescription drug benefit begins in 2006. Since benefit cap information is currently available in the systems that pharmacies use to adjudicate claims at the point of sale, it should be possible to also supply this information to electronic prescribing systems. However, further research and development may be needed into methods for obtaining benefits data that are accurate at the time of prescribing.
Our study has several limitations. Vendors probably tried to identify their best sites for our data collection, so our findings may underrepresent the deficiencies of an average electronic prescribing installation. On the other hand, if vendors have been adding features since we collected data in 2002-2003, then our findings could overrepresent the actual deficiencies in today's market. We assessed implementation of the 11 recommendations generated in the last round of the panel process by telephone interview rather than by site visit for five of ten systems. Our assessments of these recommendations (denoted by # in the Appendix) may therefore be somewhat less accurate. However, these specific recommendations were generally not difficult to assess by telephone. Finally, we studied a purposive sample rather than a random sample of the 29 systems that met our eligibility criteria, but a random sample of such a small and heterogeneous population could not be considered representative. More importantly, our study was designed to identify the range of features available from commercial products, not to estimate the average set of features being offered. Furthermore, even a highly precise estimate of the average features available in commercial electronic prescribing systems would have limited usefulness because of the substantial ongoing turnover among vendors, with some products being withdrawn from the market every year and almost as many new, potentially less mature, products entering. Since the incentives driving the adoption of electronic prescribing probably have not changed, it is likely that the variation among the systems available today remains large.
In conclusion, our findings suggest that standards for electronic prescribing should include a set of minimal functional capabilities that would guarantee a standard, minimal level of support for patient safety and provide protection against biases that could be introduced on behalf of third party interests. As new electronic prescribing features are developed in the future, a process will also be needed to keep functional standards updated. Finally, more fundamental informatics research is needed on methods for using prescription fulfillment data and drug benefit data in electronic prescribing systems and on increasing providers' incentives for pursuing quality improvement through HIT. 6 
3 0
Current medications/medication history 5*yz
The system should be capable of extracting patient data for decision support from external sources including pharmacy, hospital, laboratory, and EHR systems. Medication selection 13*yz
The system should allow viewing a list of medications appropriate to the diagnosis when a diagnosis is entered. Alerts and other messages to prescribers 27* The system should alert the prescriber when a medication is selected that has a contraindication or significant precaution based on the patient's allergies, current medications, medical conditions, and laboratory findings. 28*z The system should remind the prescriber when a prescription for a new medication might be indicated based on patient data (e.g., medical history, laboratory tests) in conjunction with rules from practice guidelines that are based on thorough analyses of the peer-reviewed literature. 1 0 9 0 29* For every message, the system should provide immediate access to an explanation of its rationale, including disclosure of all guidelines and financial support used in its development. Patient education 39*yz
The system should provide information for patients on how to take the medications prescribed and why they should be taken. The system should notify the prescriber when a prescription or prescription refill is not dispensed and delivered to the patient within a time interval specified by the provider. Transparency and accountability 53*y
The system should display notification of corporate sponsorships and critical business relationships that could represent conflicts of interest, and vendors should completely and transparently disclose details of these relationships in publicly available documents. 
